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9ROXPH-UHJXODWHG&O-FXUUHQWFRQWULEXWLRQVRIGLVWLQFW&O-FKDQQHODQGORFDOL]HG
&DVLJQDOV 
<DQL/LX+XLUDQ=KDQJ+RQJFKDR0HQ<XZHL'X=LTLDQ;LDRˈ)DQ=KDQJ
'RQJ\DQJ+XDQJ;LDRQD'X1LNLWD*DPSHU+DLOLQ=KDQJ 
'HSDUWPHQW RI 3KDUPDFRORJ\ +HEHL 0HGLFDO 8QLYHUVLW\ 7KH .H\ /DERUDWRU\ RI
1HXUDODQG9DVFXODU%LRORJ\0LQLVWU\RI(GXFDWLRQ&KLQD7KH.H\/DERUDWRU\RI
1HZ'UXJ3KDUPDFRORJ\DQG7R[LFRORJ\+HEHL3URYLQFH6KLMLD]KXDQJ&KLQD 
'HSDUWPHQW RI 3KDUPDFRORJ\ 6FKRRO RI 3KDUPDF\ 4LQJGDR 8QLYHUVLW\ 4LQJGDR
6KDQGRQJ&KLQD 
'HSDUWPHQW RI 3XOPRQDU\ 0HGLFLQH WKH 6HFRQG +RVSLWDO RI +HEHL 0HGLFDO
8QLYHUVLW\6KLMLD]KXDQJ+HEHL&KLQD 
6FKRRORI%LRPHGLFDO6FLHQFHV)DFXOW\RI%LRORJLFDO6FLHQFHV8QLYHUVLW\RI/HHGV
/HHGV8. 
&RUUHVSRQGHQFH 3URIHVVRU +DLOLQ =KDQJ 'HSDUWPHQW RI 3KDUPDFRORJ\ +HEHL
0HGLFDO8QLYHUVLW\6KLMLD]KXDQJ&KLQD(-PDLO]KDQJKO#KHEPXHGXFQ
5XQQLQJWLWOH9ROXPH-UHJXODWHGFKORULGHFXUUHQWVDQGLQWUDFHOOXODU&DVLJQDOV 
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$EEUHYLDWLRQV 
95$&YROXPHUHJXODWHGDQLRQFXUUHQW 
&D&&FDOFLXPDFWLYDWHGFKORULGHFKDQQHO 
,&OVZHOOYROXPHUHJXODWHGFKORULGHFXUUHQW 
59'UHJXODWRU\YROXPHGHFUHDVHG 
PLC, phospholipase C 
(*7$(WK\OHQHJO\FRO-ELVE-aminoethyl ether)-N,N,N¶1¶-WHWUDDFHWLFDFLG 
%$37$-%LV-DPLQR--PHWK\OSKHQR[\HWKDQH-111¶1¶-WHWUDDFHWLFDFLG 
3,3SKRVSKDWLG\OLQRVLWRO-ELVSKRVSKDWH  
,3LQWRLQRVLWRO-WULVSKRVSKDWH 
'$*-GLDF\OJO\FHURO 
3.&SURWHLQNLQDVH& 
BIM, Bisindolylmaleimide1 
1)$QLIOXPLFDFLG 
'&3,%--%XW\O--GLFKORU--F\FORSHQW\O-LQGDQ--RQ--\OR[\EXW\ULFDFLG 
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$EVWUDFW 
7KH VZHOOLQJ-DFWLYDWHG FKORULGH FXUUHQW ,&OVZHOO LV LQGXFHG ZKHQ D FHOO VZHOOV DQG
SOD\V D FHQWUDO UROH LQ PDLQWDLQLQJ FHOO YROXPH LQ UHVSRQVH WR RVPRWLF VWUHVV 7KH
PDMRUFRQWULEXWRURI,&OVZHOOLVWKHYROXPHUHJXODWHGDQLRQFKDQQHO95$&/55&$
6:(// ZDV UHFHQWO\ LGHQWLILHG DV DQ HVVHQWLDO FRPSRQHQW RI 95$& EXW WKH
PHFKDQLVPV RI 95$& DFWLYDWLRQ DUH VWLOO ODUJHO\ XQNQRZQ PRUHRYHU RWKHU &O-
FKDQQHOVVXFKDVDQRFWDPLQ$12ZHUHDOVRVXJJHVWHGWRFRQWULEXWHWR,&OVZHOO,Q
WKLVSUHVHQWVWXG\ZHLQYHVWLJDWHGWKHUROHVRI/55&$DQG$12LQDFWLYDWLRQRI
,&OVZHOOZHDOVRH[SORUHG WKH UROHRI LQWUDFHOOXODU&D LQ ,&OVZHOO DFWLYDWLRQ:HXVHG
&5,635&DV JHQH HGLWLQJ DSSURDFK HOHFWURSK\VLRORJ\ OLYH IOXRUHVFHQW LPDJLQJ
VHOHFWLYHSKDUPDFRORJ\DQGRWKHUDSSURDFKHVWRVKRZWKDWERWK/55&$DQG$12
FDQ EH DFWLYDWHG E\ FHOO VZHOOLQJ LQ +(. FHOOV <HW ERWK FKDQQHOV FRQWULEXWH
ELRSK\VLFDOO\ DQG SKDUPDFRORJLFDOO\ GLVWLQFW FRPSRQHQWV WR ,&OVZHOO ZLWK /55&$
EHLQJ WKH PDMRU FRPSRQHQW &HOO VZHOOLQJ LQGXFHG RVFLOODWRU\ &D WUDQVLHQWV DQG
WKHVH&DVLJQDOVZHUHUHTXLUHGWRDFWLYDWHERWKWKH/55&$-DQG$12-GHSHQGHQW
FRPSRQHQWVRI,&OVZHOO%RWK,&OVZHOOFRPSRQHQWVUHTXLUHGORFDOL]HGUDWKHUWKDQJOREDO
&DIRUDFWLYDWLRQ,QWHUHVWLQJO\ZKLOHLQWUDFHOOXODU&DZDVQHFHVVDU\DQGVXIILFLHQW
WRDFWLYDWH$12 LWZDVQHFHVVDU\EXWQRWVXIILFLHQW WRDFWLYDWH/55&$-PHGLDWHG
FXUUHQWV)LQDOO\&DWUDQVLHQWVOLQNHGWRWKH,&OVZHOODFWLYDWLRQZHUHPHGLDWHGE\WKH
*3&5-LQGHSHQGHQW3/&LVRIRUPV  
 
.H\ ZRUGV YROXPH UHJXODWHG DQLRQ FKDQQHO 95$& &D DFWLYDWHG FKORULGH
FKDQQHOV&D&&V$12/55&$&D 
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,QWURGXFWLRQ 
9ROXPH UHJXODWHG DQLRQ FKDQQHO 95$& LV ZLGHO\ H[SUHVVHG LQ PRVW FHOO W\SHV LW
PHGLDWHVVZHOOLQJDFWLYDWHG&O-FXUUHQWV,&OVZHOOZKLFKDUHQHFHVVDU\IRUFHOOYROXPH
UHJXODWLRQ %HLQJ SHUPHDEOH WR D UDQJH RI  RUJDQLF DQG LQRUJDQLF DQLRQV 95$&
SOD\VPDQ\RWKHULPSRUWDQWUROHVLQFHOOVLQFOXGLQJSUROLIHUDWLRQUHOHDVHRIH[FLWDWRU\
DPLQR DFLGV DSRSWRVLV DQG JHUP FHOO GHYHORSPHQW     ,W LV DOVR
VXJJHVWHG WKDW 95$& LV LQYROYHG LQ D YDULHW\ RI KXPDQ GLVHDVHV LQFOXGLQJ VWURNH
GLDEHWHVDQGFDQFHU7KHPROHFXODULGHQWLW\RI95$&UHPDLQHGXQNQRZQ
XQWLOUHFHQWO\ZKHQWKHIDPLO\RIOHXFLQH-ULFKUHSHDWFRQWDLQLQJ/55&SURWHLQV
DOVR NQRZQ DV 6ZHOO ZDV LGHQWLILHG DV FUXFLDO FRPSRQHQWV RI 95$&  
/55&IDPLO\FRQWDLQVILYHPHPEHUV/55&$-(DOORIZKLFKVKDUHDKLJKGHJUHH
RI VHTXHQFH VLPLODULW\  :KHUHDV /55&$ LV WKH RQO\ REOLJDWRU\ VXEXQLW RI
95$& LW VWLOO QHHGV DW OHDVW RQH RI WKH RWKHU /55& LVRIRUPV  WR IRUP D
IXQFWLRQDOFKDQQHO7KH/55&VXEXQLWFRPSRVLWLRQGHWHUPLQHVQRWRQO\ELRSK\VLFDO
SURSHUWLHVRI95$&VXFKDVLQDFWLYDWLRQNLQHWLFVDQGVLQJOHFKDQQHOFRQGXFWDQFHEXW
PRUHLPSRUWDQWO\LWVVXEVWUDWHVSHFLILFLW\5HFHQWO\WKHVWUXFWXUHVRI
/55& IDPLO\ ZHUH GHWHUPLQHG E\ FU\R-HOHFWURQ PLFURVFRSH DQG ;-UD\
FU\VWDOORJUDSK\   7KHVH UHSRUWV UHYHDOHG WKDW 95$& LV D KH[DPHULF SURWHLQ
ZLWKDPRGXODUVWUXFWXUH 
However, it has to be noted that many other Cl- channels and transporters may also 
contribute to cell volume regulation. Notably, &D-DFWLYDWHGFKORULGHFKDQQHOV$12
$12DQGEHVWURSKLQZHUHDOOUHSRUWHGWREHLQYROYHGLQRVPRWLFUHJXODWLRQ
 
ANO1 (anoctamin-1), also known as TMEM16A, is the Ca2+ activated chloride 
channel (CaCC) of the anoctamin family (ANO1-10) (8, 50, 58). Recent studies 
indicate that three anoctamin family members (ANO1, 6, and 10) may be involved in 
cell volume regulation (4, 18, 42). Thus, freshly isolated tissues from the ANO1, 
ANO6, or ANO10 knock-out mice show reduced regulatory volume decrease (RVD) 
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(4, 18, 42). It is, however, not clear whether these anoctamin proteins affect cell 
volume directly by acting as Cl- channels, or indirectly by contributing to Ca2+ 
signaling (23, 49). In addition, another CaCC, bestrophin1, was also shown to be 
crucial for regulation of cell volume in mouse sperm and human retinal pigment 
epithelium cells (34). 
The mechanism of ,&OVZHOO activation has long been debated; it is also not entirely clear 
whether the /55&-PHGLDWHG 95$& LV WKH VROH FRQWULEXWRU RI ,&OVZHOO (2, 20, 41). 
Many cellular signaling cascades have been suggested to participate in the VRAC 
activation mechanism and among these the contribution of intracellular Ca2+ signaling 
has been discussed frequently because cell swelling usually is accompanied by rises in 
the intracellular Ca2+ concentration ([Ca2+]i) in many cell types (1-3, 37). It was also 
suggested that local Ca2+ signals are probably also required for activation of VRAC 
(5). Yet, the exact role of Ca2+ in activation of VRAC is not clear.  
As mentioned, ANO1 channels were also reported to contribute to ,&OVZHOO 
PRUHRYHULWZDVported that ANO1 is activated by an increase in compartmentalized 
Ca2+ , hence, we set out to investigate roles of LRRC8A and ANO1 in ICl,swell 
activation and test the potential role of Ca2+ in activation of LRRC8A- and 
ANO1-mediated components of ICl,swell. We also tested if source of intracellular Ca2+ 
matters for the activation of VRAC or ICl,swell. In this work we use the following terms 
to define closely related but distinct phenomena: i) term ICl,swell is used to denote 
swelling-activated Cl- current, independent of its molecular identity; ii) term VRAC is 
used to denote vROXPHUHJXODWHGDQLRQFKDQQHOPHGLDWHGE\/55&proteins; iii) term 
CaCC is used to denote Ca2+-activated Cl- channels.  
 
Materials and methods 
Cell culture 
HEK293/CHO cells were cultured in DMEM/F12K with 10% fetal bovine serum 
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(FBS) and 1% penicillin/streptomycin at 37°C in a humidified atmosphere of air with 
5% CO2. The ANO1 stably transfected HEK293 cells were established in our 
laboratory (30) and were cultured in DMEM supplemented with 10% FBSȝJPO
G418 and 1% penicillin/streptomycin. DRG neurons were extracted from all spinal 
levels of 21-day-old Wistar rats, and neurons were dissociated and cultured as 
described (28). No growth factors were added to the culture medium (DMEM 
supplemented with GlutaMAX I (Invitrogen), 10% FBS and 1% 
penicillin/streptomycin). For the patch-clamp analysis cells were removed from the 
culture flask by a 1-min digestion with 2.5 mg/ml trypsin (1:250) and plated at low 
density onto 12-mm-diameter glass coverslips in 24-well tissue culture plates. The 
cells were used for recording within 48 h after plating. 
cDNA and Transfection 
The mouse ANO1 cDNA clone was kindly provided by Prof. Uhtaek Oh (Seoul 
National University, Korea) and was subcloned to expression vector pEGFPN1. The 
human LRRC8A cDNA clone was kindly provided by Prof. Thomas J. Jentsch 
(Neurocure, Charité Universitätsmedizin, Berlin, Germany). The LRRC8A knockout 
HEK293 (LRRC8A-/-)cells were transfected with above channel DNA constructs for 
4-6 h with Lipofectamine 2000 (Invitrogen, USA) DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V
instructions. The cells were used for patch-clamp recording 24 h after transfection. 
CRISPR/Cas9 approach 
The ANO1 and LRRC8A knockout HEK293 cells were established using 
CRISPR/Cas9 approach (Beijing Biocytogen Co., Ltd., Beijing, China) and were 
cultured in DMEM with 10% FBS and 1% penicillin/streptomycin. To generate the 
knockout cell lines, pCS-sgRNA plasmids and targeting vector were co-electroporated 
into HEK293 cell line. After Electroporation, cells were treated with  ȝJPL 
puromycin for 10 days. And then, resistant clones were picked and expanded for 
genotyping. 
For detection of positive ANO1 and LRRC8A knockout HEK293 cell line clones, the 
7 
 
following primers were designed: ANO1-GT-F: 
¶-TGGGCCAGCATTAGATGAAGCAGTT-¶ PGK-GT-R: 
¶-AGAAAGCGAAGGAGCAAAGCTGCTA-¶ $121-MSD-F: 
¶-GAGGGCTTCAGAAAAGCAGAGAGCA-¶ $121-MSD-R: 
¶-GGCTTGGCGTGAGGTTTCATGTGTA-¶ LRRC8A-GT-F: 
¶-GTGATCACCCAGTTTGTGAGGGAGG-¶ /55&$-MSD-F: 
¶-AGGAGTTCCCGATTGCTCTTACTGG-¶ /55&$-MSD-R: 
¶-TGCAGTCGGTTCTCATAGCACACAG-¶ 
The primers ANO1-GT-F/PGK-GT-R, ANO1-MSD-F/ANO1-MSD-R; 
LRRC8A-GT-F/PGK-GT-R and LRRC8A-MSD-F/LRRC8A-MSD-R were 
respectively used to detect HR and non-HR allele. 
Electrophysiology  
Currents were recorded using a MultiClamp 700B amplifier and pCLAMP 10.0 
software (Molecular Devices, Sunnyvale, CA) and were filtered at 2 kHz. Patch 
electrodes with resistances of 2-50ȍ were pulled with a horizontal micropipette 
puller (P-97, Sutter Instruments, USA) and fire polished. The intracellular recording 
pipette solutions include: (1) the high Ca2+ pipette solution (in mM)(30): 130 CsCl, 10 
EGTA, 1 MgCl2, 10 HEPES, 2 Mg-ATP, 8 CaCl2 (447 nM free Ca2+, calculated with 
the MAXC program, Stanford University, Stanford, CA, USA); pH adjusted to 7.3 
with CsOH. (2) The hypertonic pipette solution (in mM): &V&O0J&O
&D&O(*7$+(3(65 Mg-ATP and 0.5 Na-GTP; pH 7.3 adjusted with CsOH; 
osmolality adjusted to 420 mOsm with sucrose. (3) The isosmotic pipette solution (in 
mM):  &V&O  0J&O  &D&O  (*7$  +(3(6 5 Mg-ATP and 0.5 
Na-GTP; pH 7.3 adjusted with CsOH; osmolality adjusted to 320 mOsm with sucrose. 
The extracellular recording bath solutions include: ķ the isosmotic bath solution (in 
mM): 145 NaCl, 2 CaCl2, 2 MgCl2, 10 Glucose, 10 HEPES; pH 7.4 adjusted with 
NaOH; osmolality adjusted to 320 mOsm with sucrose. ĸ The isosmotic bath 
solution (in mM) : 95 NaCl, 100 mannitol, 0.4 KH2PO4, 1.6 K2HPO4, 6 D-glucose, 1 
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MgCl2, 2 CaCl2; pH 7.4 adjusted with NaOH; osmolality adjusted to 320 mOsm with 
sucrose. Ĺ The hypotonic bath solution (in mM): 95 NaCl, 0.4 KH2PO4, 1.6 
K2HPO4, 6 D-glucose, 1 MgCl2, 2 CaCl2; pH 7.4 adjusted with NaOH; osmolality 
adjusted to 220 mOsm with sucrose (this hypotonic bath solution is paired to the 
isosmotic bath solution ĸ and isosmotic pipette solution (3)). All recording were 
performed at room temperature. 
Intracellular Ca2+ imaging 
HEK293 cells were grown on glass coverslips and cultured for 24 h. For 
Ca2+-sensitive fluorescence detection, cells were loaded with Fluo-4-$0  ȝM) in 
the presence of Pluronic F-127 (0.02%) for 45 min at 37°C and the coverslips were 
placed into a flow-through chamber and mounted on an inverted microscope for 
confocal imaging. A Leica SP5 (Nussloch, Germany) DM-IRBE inverted microscope 
with a 20× objective (numerical aperture, 0.7) and a TCS-SP5 scan-head was used. 
The Fluo-4 was excited at 488 nm and the emitted fluorescence signal was detected at 
520 nm. A time-laps series of confocal images were taken at 2 s intervals and were 
stored on a computer hard drive. Laser intensity and pinhole settings were kept 
constant between the experiments. The pinhole diameter was set to scan sections with 
a thickness of 0.28 Pm. Control images were obtained for 2-5 min before test solution 
application. Hypotonic bath solution was applied for at least 20 min. TCS-SP5 
confocal software (Leica) was used to analyze data off line. 
Chemicals 
NFA, DCPIB, CaCCinh-A01, Thapsigargin, U73122 ˈ U73343 ˈ GDP-ȕV ˈ
Bisindolylmaleimide1 (BIM) and GTP-JS were purchased from Sigma (St Louis, MO, 
USA). These compounds were dissolved in DMSO and were kept at -20°C. Stock 
solutions were diluted to final concentrations in bath solution or intracellular solution. 
The final concentration of DMSO in bath solution or intracellular solution is no more 
than 0.1%. The vehicle at the final concentrations was tested and found having not 
effect on the currents measured. All final drug solutions were freshly made before 
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each experiment and kept away from light. 
Data analysis and statistics 
The summary statistics of current densities were measured at -60 mV or +100 mV 
when the currents reached the maximum (oscillation) or relatively stable (no 
oscillation). 5HVXOWVZHUHH[SUHVVHGDVPHDQV6(06WXGHQW¶V WHVW XQSDLUHG and 
paired) and one-way ANOVA were used to assess statistical significance. Difference 
between means was considered significant at P<0.05. Concentration-response curves 
were fitted with the logistic equation: y=A2+ (A1-A2)/ (1+(x/x0) p), where y is the 
response; A1 and A2 are the maximum and minimum response, respectively, x is the 
drug concentration, and p is the Hill coefficient. 
 
5HVXOWV 
/RFDOL]HGLQWUDFHOOXODU&DSOD\VDQHVVHQWLDOUROHLQDFWLYDWLRQRIICl,swell 
:HILUVWH[DPLQHGDFWLYDWLRQRI,&OVZHOOE\FHOOVZHOOLQJLQ+(.FHOOV)LJ$Q
RXWZDUGO\UHFWLI\LQJFXUUHQWJUDGXDOO\GHYHORSHGZKHQ WKHZKROH-FHOOFXUUHQWVZHUH
UHFRUGHG XVLQJ D K\SHUWRQLF  P2VP SLSHWWH VROXWLRQ LQ +(. FHOOV 7KLV
FXUUHQW VKRZHG IDVW DFWLYDWLRQ DQG VORZ LQDFWLYDWLRQ DW WKH KLJKO\ SRVLWLYH YROWDJHV
DQG FRXOG EH LQKLELWHG E\ &O- FKDQQHO EORFNHUV '&3,%  PM) ()LJ $ DQG
&D&&LQK-$ PM, GDWD QRW VKRZQ ,Q PRVW FDVHV RVFLOODWLRQV RI WKH FXUUHQW
DPSOLWXGHZHUHVHHQ)LJ$ 
,WKDVEHHQVXJJHVWHGWKDW LQWUDFHOOXODU&D LVDQLPSRUWDQWFRPSRQHQWLQDFWLYDWLRQ
RIVZHOOLQJ-LQGXFHGFXUUHQWV7RLQYHVWLJDWHWKHUROHRILQWUDFHOOXODU&D LQ
DFWLYDWLRQRIICl,swellZHWHVWHGWKHHIIHFWVRIWZR&DFKHODWRUV(WK\OHQHJO\FRO-ELV
E-aminoethyl ether)-N,N,N¶1¶-WHWUDDFHWLF DFLG (*7$ DQG -%LV -DPLQR--
PHWK\OSKHQR[\HWKDQH-111¶1¶-WHWUDDFHWLFDFLG%$37$DVZHOODVWKDSVLJDUJLQ
DEORFNHURIVDUFR-HQGRSODVPLFUHWLFXOXP&D-$73DVH6(5&$RQWKHGHYHORSPHQW
RI ICl,swell %$37$ DQG (*7$ KDYH VLPLODU DIILQLW\ IRU &D EXW KDYH PDUNHGO\
GLIIHUHQWELQGLQJNLQHWLFV%$37$ELQGV&DQHDUO\-IROGIDVWHUWKDQ(*7$
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7KHVH WZR&D FKHODWRUVDUH WKXVRIWHQXVHG WRGLVWLQJXLVKEHWZHHQ µORFDO¶
DQGµJOREDO¶&DVLJQDOVDVKLJKO\ORFDOL]HGPLFUR-RUQDQR-GRPDLQ&DVLJQDOVDUH
PLQLPDOO\DIIHFWHGE\VORZFKHODWRU(*7$EXWXVXDOO\FDQEHHIILFLHQWO\SUHFLSLWDWHG
E\%$37$,QFRQWUDVWVORZHUJOREDO&DVLJQDOVDUHZHOOSUHYHQWHGE\ERWK(*7$
DQG%$37$$VVKRZQ LQ)LJ%DQG&DGGLWLRQRIP0%$37$JUHDWO\
UHGXFHG WKH ,&OVZHOO DPSOLWXGH ZKLOH  P0 (*7$ KDG QR HIIHFW :KHQ FHOOV ZHUH
SUH-LQFXEDWHG ZLWK WKDSVLJDUJLQ  PM; 15 min) and the recording of ,&OVZHOO ZDV
SHUIRUPHGVWLOOLQWKHSUHVHQFHRIWKDSVLJDUJLQWKHFXUUHQWZDVDOVRDEROLVKHG)LJ
% ORZHUSDQHODQG& ,W LV LQWHUHVWLQJ WRQRWH WKDWDOWKRXJK(*7$GLGQRWDIIHFW
WKH ,&OVZHOO DPSOLWXGH WKH RVFLOODWLRQ RI ,&OVZHOO ZDV QRW REVHUYHG DQ\ PRUH LQ WKH
SUHVHQFH RI (*7$ )LJ %  UHFRUGLQJV LQ WKH SUHVHQFH RI  P0 (*7$
GLVSOD\HGRVFLOODWLRQVYVUHFRUGLQJVLQWKHFRQWUROFRQGLWLRQZLWKP0(*7$
7KLV VLPLODU HIIHFWV RI (*7$ DQG %$37$ RQ ,&OVZHOO ZHUH DOVR REVHUYHG LQ DQRWKHU
WZRFHOO W\SHV&+2FHOOV &+2-$12DQG UDWGRUVDO URRWJDQJOLRQQHXURQV )LJ
'DQG( 
,QDQRWKHUVHULHVRIH[SHULPHQWVZHXVHGDK\SRWRQLFH[WUDFHOOXODUEDWKVROXWLRQ
P2VPLQVWHDGRIDK\SHUWRQLFSLSHWWHVROXWLRQP2VPWRLQGXFHFHOOVZHOOLQJ
7KHK\SRWRQLFEDWKVROXWLRQLQGXFHGDFWLYDWLRQRI,&OVZHOOZLWKVLPLODUSURSHUWLHVDQG
DPSOLWXGHVDV WKHK\SHUWRQLFSLSHWWHVROXWLRQ)LJ$DQG(6HQVLWLYLW\RI,&OVZHOO
LQGXFHG E\ H[WUDFHOOXODU K\SRWRQLFLW\ WR (*7$ DQG %$37$ ZDV VLPLODU WR WKDW
REVHUYHGIRU,&OVZHOOLQGXFHGE\K\SHUWRQLFLQWUDFHOOXODUVROXWLRQP0(*7$LQWKH
SLSHWWH VROXWLRQ KDG QR HIIHFW ZKLOH  P0 %$37$ DOPRVW FRPSOHWHO\ DEROLVKHG
WKHVH FXUUHQWV )LJ % DQG ) ,Q DGGLWLRQ ZH DOVR LQYHVWLJDWHG WKH HIIHFW RI
H[WUDFHOOXODU&DRQ,&OVZHOODQGWKHUHVXOWVVKRZHGWKDWFKHODWLRQRIH[WUDFHOOXODU&D
KDGQRREYLRXVHIIHFWRQ,&OVZHOO)LJ$ORZHUSDQHODQG(  
:HQH[WVWXGLHGLIWKHRVPRWLFFHOOVZHOOLQJZRXOGLQGHHGLQGXFHDULVHLQLQWUDFHOOXODU
&D DV KDV EHHQ UHSRUWHG   7KH K\SRWRQLF EDWK VROXWLRQ LQGXFHG WUDQVLHQW
&D ULVHV LQ DOO WKH +(. FHOOV WHVWHG )LJ & VKRZQ DUH WKH WLPH FRXUVHV RI
IOXRUHVFHQFHLQWHQVLW\FKDQJHVIURPUDQGRPO\VHOHFWHGWKUHHFHOOVLQGLFDWHGE\ZKLWH
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DUURZV6LPLODUWRWKH,&OVZHOOLQPRVWRIWKHFHOOVWKH&DWUDQVLHQWVZHUHRVFLOODWLQJ
)LJ & OHIW SDQHO 7R HYDOXDWH WHPSRUDO FRUUHODWLRQ EHWZHHQ WKH ,&OVZHOO DQG &D
RVFLOODWLRQV ZH FDOFXODWHG DQG FRPSDUHG WKH LQWHUYDOV EHWZHHQ WKH ILUVW DQG VHFRQG
SHDNV RI ,&OVZHOO DQG EHWZHHQ WKH PD[LPD RI WKH ILUVW WZR &D WUDQVLHQWV 7KHVH
LQWHUYDOVZHUHPLQQ DQGPLQQ UHVSHFWLYHO\VXJJHVWLQJ
WKDW WKH ICl,swell RVFLOODWLRQV ZHUH VLJQLILFDQWO\ VORZHU WKDQ &D RVFLOODWLRQ
,QWHUHVWLQJO\ FKHODWLRQ RI H[WUDFHOOXODU &DGLG QRW SUHYHQW VZHOOLQJ-LQGXFHG &D
WUDQVLHQWV )LJ ' DQG * WKLV HIIHFW ZDV VLPLODU WR WKH ODFN RI HIIHFW RI
H[WUDFHOOXODU&DUHPRYDORQ,&OVZHOO  
$VUHSRUWHG/55&$LVDQREOLJDWRU\FRQWULEXWRURI95$&7RFRQILUPLWV
UROH LQ ,&OVZHOO ZH GHOHWHG /55&$ /55&$-- LQ +(. FHOOV XVLQJ
&5,635&DV DSSURDFK $V H[SHFWHG ,&OVZHOO LQ /55&$-- +(. FHOOV ZDV
GUDPDWLFDOO\ UHGXFHG )LJ $ WRS SDQHO ([RJHQRXV RYHU-H[SUHVVLRQ RI /55&$
LQWR /55&$-- +(. FHOOV UHVFXHG WKH ,&OVZHOO )LJ $ ERWWRP SDQHO DQG &
7KHVHUHVXOWVFRQILUPWKDW/5&&$-PHGLDWHG95$&LVDPDMRUFRPSRQHQWRI,&OVZHOO
LQ+(.FHOOV:HDOVRWHVWHGWKHHIIHFWVRI(*7$%$37$DQGWKDSVLJDUJLQRQWKH
H[RJHQRXVO\H[SUHVVHG/55&$FXUUHQWV,Q/55&$--+(.FHOOVUH-WUDQVIHFWHG
ZLWK/55&$P0(*7$LQWKHSLSHWWHVROXWLRQUHGXFHGWKH,&OVZHOOFXUUHQWVDQG
 P0 %$37$ DOPRVW DEROLVKHG WKH ,&OVZHOO FXUUHQWV )LJ % DQG ' 7KXV WKH
,&OVZHOO SURGXFHG E\ H[RJHQRXVO\ H[SUHVVHG /55&$ LV PRUH VHQVLWLYH WR WKH &D
FKHODWRUV1RQHWKHOHVVHYHQLQWKLVFDVH%$37$DQGWKDSVLJDUJLQZHUHVLJQLILFDQWO\
PRUHSRWHQWWKDQ(*7$LQLQKLELWLQJWKH,&OVZHOOFXUUHQWV)LJ%DQG'  
:H WKHQ WHVWHG LI ,&OVZHOO FRXOG EH GLUHFWO\ DFWLYDWHG E\ HOHYDWHG LQWUDFHOOXODU &D
'LDO\VLV RI µKLJK-&D¶ SLSHWWH VROXWLRQ IUHH >&D@L    Q0 XQGHU LVRWRQLF
FRQGLWLRQVZDVXQDEOHWRDFWLYDWH,&OVZHOO-OLNHFXUUHQWVHLWKHULQWKH:7+(.FHOOV
RULQ/55&$--+(.FHOOVWUDQVIHFWHGZLWK/55&$)LJ$ˈ%DQG'7R
FRQILUP WKDW WKH GLDO\VLV RI &D WKURXJK WKH SLSHWWH LQ RXU H[SHULPHQWDO VHWWLQJV LV
HIIHFWLYHZHXVHG$12DVD&DVHQVRU,QDFFRUGZLWKRXUSUHYLRXVILQGLQJV
WKH&D-DFWLYDWHG-FKORULGHFXUUHQWV&D&&WKURXJK$12ZHUHDFWLYDWHGZKHQWKH
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:7 +(. FHOOV WUDQVIHFWHG ZLWK $12 ZHUH UHFRUGHG ZLWK DQ LVRWRQLF SLSHWWH
VROXWLRQFRQWDLQLQJKLJK-&DVROXWLRQQ0)LJ&  
7DNLQJ WRJHWKHU WKH UHVXOWV SUHVHQWHG LQ WKLV VHFWLRQ LQGLFDWH WKDW WKH &D UHOHDVHG
IURP WKH LQWUDFHOOXODU &D VWRUHV LV DQ HVVHQWLDO FRPSRQHQW LQ DFWLYDWLRQ RI
/55&$-GHSHQGHQW ,&OVZHOO WKH &D VLJQDOV QHFHVVDU\ IRU WKH /55&$-GHSHQGHQW
,&OVZHOO DFWLYDWLRQ DUH ORFDO LQ QDWXUHZKHUHDV µJOREDO¶ F\WRVROLF&D HOHYDWLRQGRHV
QRWDFWLYDWHWKH,&OVZHOO/55&$GLUHFWO\  
&D&&$12FKDQQHOVDUHDOVRDFWLYDWHGE\WKHRVPRWLFFHOOVZHOOLQJ 
7KXV IDU ZH KDYH HVWDEOLVKHG WKDW &D LV QHFHVVDU\ IRU WKH DFWLYDWLRQ RI
/5&&$-GHSHQGHQW,&OVZHOO2QWKHRWKHUKDQGWKH&D&&$12FKDQQHOVZHUHDOVR
LPSOLFDWHGLQWKH,&OVZHOO7KXVZHQH[WWHVWHGWKHFRQWULEXWLRQRI&D&&$12
WR WKH ,&OVZHOO DFWLYDWLRQ XQGHU RXU H[SHULPHQWDO FRQGLWLRQV ,W ZDV UHSRUWHG WKDW
+(. FHOOV H[SUHVV ORZ OHYHOV RI HQGRJHQRXV $12  WKXV LQ RUGHU WR
ULJRURXVO\WHVWLI$12FRQWULEXWHVWR,&OVZHOOLQ+(.FHOOVZHILUVWHVWDEOLVKHGD
+(. FHOO OLQH ZLWK GHOHWLRQ RI $12 $12-- XVLQJ &5,635&DV DSSURDFK
7KH,&OVZHOO LQGXFHGE\WKHK\SHUWRQLFSLSHWWHVROXWLRQLQ$12--+(.FHOOVZDV
VLJQLILFDQWO\ UHGXFHG )LJ $ DQG ' :KHQ $12 ZDV RYHUH[SUHVVHG LQ :7
+(.FHOOV+(.-$12WKH,&OVZHOOZDVVLJQLILFDQWO\LQFUHDVHGDVFRPSDUHG
WR WKDW LQ :7 +(. FHOOV )LJ % DQG ' :H DOVR RYHUH[SUHVVHG $12 LQ
/55&$-- +(. FHOOV /55&$--  $12 ,Q WKLV FDVH LQ WKH DEVHQFH RI
/55&$ FHOO VZHOOLQJ LQGXFHGE\ WKHK\SHUWRQLFSLSHWWH VROXWLRQ DFWLYDWHG D ODUJH
RXWZDUGO\UHFWLI\LQJFXUUHQW)LJ&DQG(  
2I QRWH DOWHULQJ OHYHOV RI /55&$ DQG $12 H[SUHVVLRQ LQ +(. FHOOV
VLJQLILFDQWO\DIIHFWHGVZHOOLQJ-LQGXFHG,&OVZHOONLQHWLFV )LJ$DQG% ULJKWSDQHOV
DQG 7DEOH  ,Q WKH DEVHQFH RI $12 $12-- +(. FHOOV )LJ $ ,&OVZHOO
GLVSOD\HG IDVW DFWLYDWLRQ DQG SURPLQHQW LQDFWLYDWLRQ DW PRUH SRVLWLYH SRWHQWLDOV WKH
LQDFWLYDWLRQZDVPXFKPRUHSURQRXQFHV WKDQ WKDWZKHQ WKH$12ZDVSUHVHQW FI
)LJ$ERWWRPSDQHODQG$ULJKWSDQHOVHHDOVR7DEOH:HDVVXPHWKDWXQGHU
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WKHVHFRQGLWLRQV ,&OVZHOO LVPDLQO\FRQGXFWHGE\/55&FKDQQHOV ,Q WKHDEVHQFHRI
/55&$ /55&$--  $12 )LJ & RQ WKH RWKHU KDQG ,&OVZHOO VKRZHG PXFK
VORZHUDFWLYDWLRQDQGQRLQDFWLYDWLRQ8QGHUWKHVHFRQGLWLRQVWKH,&OVZHOOLVOLNHO\WREH
PRVWO\FRQGXFWHGE\$12&HOOVLQZKLFKERWK/5&&$DQG$12ZHUHSUHVHQWDW
WKHHQGRJHQRXVOHYHOVVKRZ,&OVZHOOZLWKLQWHUPHGLDWHNLQHWLFV)LJ$DQG7DEOH
KLJKHU OHYHOV RI /5&&$ UHVXOWHG LQ LQFUHDVHG LQDFWLYDWLRQ )LJ $ ERWWRP SDQHO
DQG7DEOHZKLOHKLJKHUOHYHOVRI$12UHVXOWHGLQDSSHDUDQFHRIVORZO\DFWLYDWLQJ
FRPSRQHQWDQGGLVDSSHDUDQFHRILQDFWLYDWLRQ)LJ&DQG7DEOH&RQWULEXWLRQRI
$12 WR ,&OVZHOO ZDV DOVR IXUWKHU FRQILUPHG ZKHQ ,&OVZHOO ZDV DFWLYDWHG E\ D
H[WUDFHOOXODUK\SRWRQLFVROXWLRQ LQ/55&$--+(.FHOOV WUDQVIHFWHGZLWK$12
GDWDQRWVKRZQ 
$GGLQJ IXUWKHU HYLGHQFH WKDW ERWK /55&$ DQG $12 FRQWULEXWH WR ,&OVZHOO D &O-
FXUUHQWLQ+(.ZDVLQGXFHGE\*73-JS intracellularly applied under an isotonic 
FRQGLWLRQ)LJ)-+$FWLYDWLRQE\*73-JS is a hallmark of ,&OVZHOO$JDLQDV
LQ WKH FDVH RI WKH VZHOOLQJ-DFWLYDWHG FXUUHQW WKH *73-JS-induced current in WT 
+(. FHOOV GLVSOD\HG LQDFWLYDWLRQ DW VWURQJ GHSRODUL]DWLRQ )LJ ) EXW ZKHQ
/5&&$ZDVGHOHWHGDQG$12RYHUH[SUHVVHGWKH*73-JS-induced current became 
VORZO\-DFWLYDWLQJDQGORVWLWVLQDFWLYDWLRQ)LJ* 
7DNLQJ WRJHWKHU WKH UHVXOWV VKRZQ LQ )LJ   DQG  FOHDUO\ GHPRQVWUDWH WKDW
HQGRJHQRXV /55&$ DQG $12 SURWHLQV ERWK FRQWULEXWH WR WKH ,&OVZHOO DOWKRXJK
/5&&$LVEHLQJWKHGRPLQDQWFRPSRQHQW([RJHQRXVO\H[SUHVVHG$12DVZHOODV
/55&$FRXOGDOVREHDFWLYDWHGE\FHOOVZHOOLQJ 
,QOLJKWRIRXUILQGLQJVWKDWLQWUDFHOOXODU&DLVDQHVVHQWLDOEXWQRWDVXIILFLHQWIDFWRU
LQDFWLYDWLRQRI,&OVZHOOGXULQJWKHFHOOVZHOOLQJDQGWKDWLQWUDFHOOXODU&DLVVXIILFLHQW
WRGLUHFWO\DFWLYDWH$12ZKLFKLQWXUQFDQDOVREHDFWLYDWHGE\FHOOVZHOOLQJZH
K\SRWKHVL]HG WKDW $12 FRXOG DFW DV WKH &D VHQVRU IRU /55&$ DFWLYDWLRQ ,Q
VXSSRUW WR WKLV K\SRWKHVLV LV WKH IDFW WKDW /55&$ DQG $12 ZHUH UHSRUWHG WR
LQWHUDFWGLUHFWO\7KXVZHWHVWHGWKH&DGHSHQGHQF\RI,&OVZHOODFWLYDWLRQLQWKH
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DEVHQFHRI$126LPLODUWRWKHDFWLYDWLRQRI,&OVZHOOLQWKHSUHVHQFHRIERWK/55&$
DQG$12:7+(.FHOOVDFWLYDWLRQRI,&OVZHOOLQWKHDEVHQFHRI$12$12--
FHOOVZDVVWLOOLQKLELWHGE\%$37$EXWQRWE\(*7$DGGHGWRWKHK\SHUWRQLFSLSHWWH
VROXWLRQ)LJ$%DQG(7KLVUHVXOWLQGLFDWHVWKDWWKHGHSHQGHQFHRIWKH,&OVZHOO
DFWLYDWLRQIURPORFDO&DGRHVQRWUHTXLUH$12:HDOVRWHVWHGLIGHOHWLRQRIHLWKHU
/55&$ RU $12 ZRXOG DIIHFW WKH VZHOOLQJ-LQGXFHG ULVHV LQ LQWUDFHOOXODU &D
ZKLFKZDVQRWWKHFDVH)LJ&'DQG)/LNHZLVHFKHODWLRQRIH[WUDFHOOXODU&D
GLGQRWSUHYHQWVZHOOLQJ-LQGXFHG&DWUDQVLHQWV)LJ&'DQG) 
3KDUPDFRORJLFDOFKDUDFWHUL]DWLRQRI,&OVZHOO 
7KH UHVXOWV SUHVHQWHG DERYH VXJJHVWHG WKDW ERWK /55&$ DQG $12 FRXOG EH
DFWLYDWHG E\ WKH FHOO VZHOOLQJ EXW WKHVH FKDQQHOV JHQHUDWH FXUUHQWV ZLWK GLIIHUHQW
NLQHWLFV :H QH[W VWXGLHG LI WKHVH WZR W\SHV RI FKORULGH FXUUHQWV KDYH GLIIHUHQW
VHQVLWLYLW\ WR SKDUPDFRORJLFDO PRGXODWRUV RI FKORULGH FKDQQHOV DQG WKXV FRXOG EH
LVRODWHGSKDUPDFRORJLFDOO\)RUWKLVZHFRPSDUHGHIIHFWVRIWZRGUXJVQLIOXPLFDFLG
1)$ DQG --%XW\O--GLFKORU--F\FORSHQW\O-LQGDQ--RQ--\O R[\EXW\ULF DFLG
'&3,%1)$LVDEURDGVSHFWUXPFKORULGHFKDQQHOLQKLELWRUDQGRXUSUHYLRXVVWXG\
VKRZVWKDW1)$KDVKLJKHUVHOHFWLYLW\WRZDUGV$12DVFRPSDUHGWRDQRWKHU&D&&
%HVWURSKLQ '&3,%KDVEHHQ UHSRUWHGDVDVHOHFWLYH95$&EORFNHU 
EXW LWV HIIHFW RQ $12 KDV QRW EHHQ V\VWHPDWLFDOO\ WHVWHG 7KHVH WZR GUXJV ZHUH
WHVWHG IRU WKHLU HIIHFWVRQ WKUHHGLIIHUHQW FXUUHQW W\SHV L ,&OVZHOO IURP:7+(.
FHOOV,&OVZHOOLQGXFHGZLWKP2VPSLSHWWHVROXWLRQLL,&OVZHOOIURP$12-VWDEO\
H[SUHVVHG+(.FHOOV ,&OVZHOO$12 LQGXFHGZLWKP2VPSLSHWWHVROXWLRQ
DQG LLL &D&& FXUUHQW IURP $12-VWDEO\ H[SUHVVHG +(. FHOOV &D&&$12
LQGXFHG ZLWK WKH LVRWRQLF SLSHWWH VROXWLRQ VXSSOHPHQWHG ZLWK  Q0 IUHH &D
([DPSOHVRIZKROH-FHOOFXUUHQWWUDFHVUHFRUGHGLQWKHVHWKUHHGLIIHUHQWFRQGLWLRQVDQG
WKHHIIHFWVRIWZRGUXJVDUHVKRZQLQ)LJ7KHFRQFHQWUDWLRQGHSHQGHQFLHVIRUERWK
FRPSRXQGV DUH DQDO\]HG LQ )LJ & DQG ' DQG VXPPDUL]HG LQ 7DEOH  1)$
LQKLELWHGWKUHHW\SHVRIFXUUHQWPHDVXUHGDWP9ZLWKSRWHQF\,&RUGHURI
&D&&$12ȝ0!,&OVZHOO$12ȝ0!,&OVZHOO
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 ȝ0 2Q WKH FRQWUDU\ WKH VHQVLWLYLW\ RI WKH WKUHH FXUUHQWV WR '&3,% KDG DQ
LQYHUWHG VHTXHQFH ,&OVZHO    ȝ0 a ,&OVZHOO $12    ȝ0 !
&D&&$12  ȝ0:HDOVR WHVWHG WKH VHQVLWLYLW\ RI WKH WKUHH W\SHVRI
FXUUHQWVWR1)$DQG'&3,%DW-P9DQGREWDLQHGWKHVDPHRUGHUVRIVHQVLWLYLW\DV
DWP97DEOH  
1)$-VHQVLWLYHFRPSRQHQWRI,&OVZHOO$12JDYHULVHWRDYHU\FKDUDFWHULVWLFVORZO\
DFWLYDWLQJDQGQRQ-LQDFWLYDWLRQFXUUHQWVLPLODUWRWKHVHRI$12-PHGLDWHG&D&&FI
)LJ % WRS DQG & 2Q WKH FRQWUDU\ WKH '&3,%-VHQVLWLYH FRPSRQHQW RI ,&OVZHO
$12JDYHULVHWRWKHFXUUHQWZLWKIDVWDFWLYDWLRQDQGLQDFWLYDWLRQFKDUDFWHULVWLFIRU
WKH/55&$-PHGLDWHG,&OVZHOOFI)LJ%ERWWRPDQG$&ROOHFWLYHO\WKHVHUHVXOWV
FOHDUO\ LQGLFDWH WKDW LQ+(.FHOOV VZHOOLQJ-DFWLYDWHG ,&OVZHOO$12KDV DW OHDVW
WZRFRPSRQHQWVPHGLDWHGE\/55&$DQG$12 WKHVHFRPSRQHQWVKDYHGLVWLQFW
NLQHWLFVDQGSKDUPDFRORJ\ 
3URELQJ FHOO VLJQDOLQJ PHFKDQLVPV IRU &D LQYROYHPHQW LQ WKH DFWLYDWLRQ RI
,&OVZHOO  
6LQFH FHOO VZHOOLQJ-LQGXFHG &D WUDQVLHQWV GLG QRW UHTXLUH H[WUDFHOOXODU &D ZH
FRQFOXGHG WKDW LQ WKLV FDVH&D LV EHLQJ UHOHDVHG IURP WKH LQWUDFHOOXODU VWRUHV2QH
FRPPRQ VLJQDOLQJ SDWKZD\ IRU VXFK LQWUDFHOOXODU &D WUDQVLHQWV LV WKURXJK
SKRVSKROLSDVH 3/& PHGLDWHG &D UHOHDVH IURP WKH HQGRSODVPLF UHWLFXOXP &D
VWRUHV 7KXV ZH ILUVW WHVWHG WKH UROH RI 3/& LQ WKH DFWLYDWLRQ RI ,&OVZHOO DV ZDV
VXJJHVWHG LQ SUHYLRXV VWXGLHV    3/& LQKLELWRU 8  PM) DOPRVW
FRPSOHWHO\EORFNHGWKHDFWLYDWLRQRI,&OVZHOO)LJ$WRSDQG%DQHIIHFWWKDWZDV
QRWREVHUYHGZLWKWKHLQDFWLYHDQDORJXH8PM) )LJ$ERWWRPDQG%
:HWKHQV\QWKHVL]HGDVHULHVRIVL51$VDJDLQVWWKH3/&LVRIRUPVZKLFKDUHNQRZQWR
EHKLJKO\H[SUHVVHGLQ+(.FHOOV³7+(+80$13527(,1$7/$6´GDWDEDVH
3/&J13/&E&, PLCG and PLCH. These siRNAs were individually transfected into 
WKH+(.FHOOVDQGWKHLUHIILFLHQF\LQLQKLELWLQJWKHDFWLYDWLRQRI,&OVZHOOZDVWHVWHG
$PRQJILYH3/&LVRIRUPVWHVWHGNQRFNGRZQRI3/&J13/&E3RU3/&G3UHGXFHGWKH
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DFWLYDWHG ,&OVZHOO VLJQLILFDQWO\ ZKHUHDV WKH NQRFNGRZQ RI 3/&E4 DQG 3/&H1KDG QR
HIIHFW )LJ ' 7DNLQJ WRJHWKHU WKHVH UHVXOWV LQGLFDWH 3/& LVRIRUPV ZHUH LQGHHG
LQYROYHGLQDFWLYDWLRQRI,&OVZHOO 
3/& K\GURO\]HV WKH SODVPD PHPEUDQH SKRVSKROLSLG SKRVSKDWLG\OLQRVLWRO
-ELVSKRVSKDWH 3,3 LQWR LQRVLWRO-WULVSKRVSKDWH ,3DQG-GLDF\OJO\FHURO
'$* ZKLFK LQ WXUQ UHVXOWV LQ WKH PRELOL]DWLRQ RI LQWUDFHOOXODU &D DQG WKH
DFWLYDWLRQRISURWHLQNLQDVH&3.&UHVSHFWLYHO\:HWKXVWHVWHGLIWKHVXEVWUDWHRI
3/&3,3LVLQYROYHGLQWKHDFWLYDWLRQRI,&OVZHOO,QWKHILUVWVHULHVRIH[SHULPHQWVZH
WUDQVIHFWHG +(. FHOOV ZLWK 3/&į-3+-*)3 D IOXRUHVFHQW SUREH FRQWDLQLQJ WKH
3,3-ELQGLQJGRPDLQIURP3/&įIXVHGWR*)37KLVSUREHELQGVWR3,3DQG,3
IRU ZKLFK WKH SUREH KDV KLJKHU DIILQLW\    8VLQJ 3/&į-3+-*)3 DV DQ
RSWLFDOSUREHIRU3,3K\GURO\VLVZHFRXOGQRWGHWHFWDFOHDUGHSOHWLRQRIPHPEUDQH
RI3,3XQGHUDFRQGLWLRQRIFHOOVZHOOLQJ'DWDQRWVKRZQ  
:H QH[W H[DPLQHG WKH HIIHFW RI *-SURWHLQ EORFNHU *'3-Es (500 PM) and PKC 
LQKLELWRU ELVLQGRO\OPDOHLPLGH BIM 200 nM) RQ WKH ,&OVZHOO DFWLYDWLRQ no obvious 
effects of either of these compounds on the activation of ,&OVZHOO were observed 'DWD
QRW VKRZQ). 7DNHQ WRJHWKHU WKHVH GDWD VXJJHVW WKDW ZKLOH WKH &D UHTXLUHG IRU WKH
,&OVZHOODFWLYDWLRQLVOLNHO\WREHSURGXFHGE\WKH3/&DFWLYLW\WKLVDFWLYLW\LVSHUKDSV
LQGHSHQGHQW RI WKH *3&5 DFWLYDWLRQ LQGHHG 3/&Gand Jisoforms are activated by 
&DDQGW\URVLQHNLQDVHVUHVSHFWLYHO\,QDGGLWLRQWKLV3/&DFWLYLW\LVSHUKDSV
DOVRKLJKO\ORFDOL]HGDVQRJOREDO3,3GHSOHWLRQZDVREVHUYHG  
 
'LVFXVVLRQ 
In this study we investigated molecular correlates and activation mechanisms of 
,&OVZHOO. We report the following findings: i) LRRC8A and ANO1 can both be 
activated by cell swelling. ii) Both channels contribute biophysically and 
pharmacologically distinct components to the swelling-induced chloride currents in 
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HEK293 cells, with LRRC8A being the major component. iii) Both ,&OVZHOO 
components require localized rather than global Ca2+ for activation. iv) While 
intracellular Ca2+ is necessary and sufficient to activate ANO1, it is necessary but not 
sufficient to activate LRRC8A-mediated currents. v) Ca2+ signals that are necessary 
for ,&OVZHOO activation are mediated by the GPCR-independent PLC activation.  
7KH PROHFXODU LGHQWLW\ RI FXUUHQWV FRQVWLWXWLQJ ,&OVZHOO LQFOXGLQJ 95$& UHPDLQHG
FRQWURYHUVLDOXQWLOZKHQ/55&$DQG LWV IDPLO\PHPEHUV /55&%-(ZHUH
VKRZQWRIXQFWLRQDV95$&However, the other candidates such as ANO1, 
ANO6 and bestrophin1 were also proposed to contribute to ICl,swell in certain 
conditions (4, 6, 15, 34). 2XU UHVXOWV VKRZ WKDW LQ /55&$ NQRFNRXW +(.
/55&$--FHOOV,&OVZHOOZDVDOPRVWDEROLVKHG:KHQ/55&$ZDVWUDQVIHFWHGLQWR
/55&$-- FHOOV ,&OVZHOO ZDV UHVFXHG EXW ZLWK VRPHZKDW DOWHUHG SURSHUWLHV QR
RVFLOODWLRQV UHGXFHG UHTXLUHPHQWV IRU ORFDO &D VHH EHORZ VXJJHVWLQJ WKDW
H[RJHQRXVO\ H[SUHVVHG /55&$ FDQ UHFDSLWXODWH PRVW EXW QRW DOO WKH SURSHUWLHV RI
HQGRJHQRXV,&OVZHOO7KHUHDVRQIRUVXFKSDUWLDOSKHQRW\SHFRXOGEH IRUH[DPSOH LQ
GLIIHUHQWPHPEUDQHORFDOL]DWLRQRIH[RJHQRXVDQGHQGRJHQRXV/55&$  
,QDGGLWLRQRXUGDWDFOHDUO\VKRZWKDW$12FDQDOVRJHQHUDWH,&OVZHOO, albeit, again, 
with some features which are clearly distinct from the endogenous ,&OVZHOO (slow 
activation, no inactivation, stronger dependence on Ca2+). Specifically, ,&OVZHOO ZDV
VLJQLILFDQWO\ UHGXFHG LQ$12--FHOOV LQDGGLWLRQ ,&OVZHOO ZDVVLJQLILFDQWO\ LQFUHDVHG
LQ$12RYHUH[SUHVVHG+(.FHOOVDQGHYHQLQ/55&$--FHOOVWUDQVIHFWHGZLWK
$12,QWHUHVWLQJO\LWZDVUHSRUWHGWKDW,&OVZHOOZDVVWURQJO\VXSSUHVVHGLQ+(.
FHOOV ZKHQ /55&$ ZDV RYHUH[SUHVVHG DQG SDUWLDOO\ UHVFXHG LQ /55&$-- FHOOV
UH-WUDQVIHFWHGZLWK/55&$7KHVHDXWKRUVK\SRWKHVL]HGWKDW/55&$LVDSDUW
RI D KHWHURPHULF 95$& DQG WKDW /55&$ RYHUH[SUHVVLRQ OHDGV WR D VXEXQLW
VWRLFKLRPHWU\ WKDW LV LQFRPSDWLEOH ZLWK QRUPDO FKDQQHO DFWLYLW\ +HUH ZH
K\SRWKHVL]HG$12PLJKWEHDQRWKHUNH\HOHPHQWRI WKH95$&FRPSOH[ LQGHHGD
GLUHFW LQWHUDFWLRQ EHWZHHQ $12 DQG /55&$ KDV EHHQ SURSRVHG  %XW KRZ
H[DFWO\ $12 FRQWULEXWHV WR WKH 95$& DFWLYLW\ LV VWLOO XQNQRZQ 7KH IDFW WKDW
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ELRSK\VLFDOO\ GLVWLQFW $12-OLNH DQG /55&$-OLNH FXUUHQW IUDFWLRQV FDQ EH
SKDUPDFRORJLFDOO\LVRODWHGIURPWKHPDFURVFRSLF,&OVZHOOVSHDNVDJDLQVWWKHIRUPDWLRQ
RIERQDILGH/55&$$12KHWHURPHULFFKDQQHOVZLWKDFRPPRQSRUH0RVWOLNHO\
ERWK FKDQQHOV PDLQWDLQ LQGHSHQGHQW SRUHV DQG JDWLQJ PHFKDQLVPV <HW WKHUH LV D
UHPDUNDEOH OHYHO RI FRRUGLQDWLRQ EHWZHHQ WZR FKDQQHOV DV ERWK DUH DFWLYDWHG E\
VZHOOLQJDQG*'3Js and both require local CaVLJQDOV 
3UHYLRXV GDWD IURP XV DQG RWKHUV VXJJHVW WKDW $12 LV HQGRJHQRXVO\ H[SUHVVHG LQ
+(. FHOOV DOWKRXJK DW PXFK ORZHU OHYHOV WKDQ /55&$   <HW :7
+(.GLVSOD\VQRREYLRXV&D&&FXUUHQWVLQHOHFWURSK\VLRORJLFDOH[SHULPHQWV)LJ
$ 2QH SRVVLELOLW\ WR H[SODLQ VRPH RI WKH REVHUYHG UHVXOWV LQFOXGLQJ D ODFN RI
&D&& LQ :7 +(. FHOOV LV WR K\SRWKHVL]H WKDW XQGHU EDVDO FRQGLWLRQV WKH LRQ
FKDQQHOV FRQWULEXWLQJ WR ,&OVZHOO UHVLGH DW WKH SODVPD PHPEUDQH ORFDWLRQV WKDW DUH
SRRUO\ DFFHVVLEOH IURP F\WRVRO 2QH H[DPSOH RI VXFK PHPEUDQH VWUXFWXUHV LV
MXQFWLRQV EHWZHHQ WKH SODVPD PHPEUDQH DQG HQGRSODVPLF UHWLFXOXP (5-30
MXQFWLRQV5HFHQWVWXGLHVLQGHHGVXJJHVWHGDSUHVHQFHRIANO1 at such junctions 
LWFRXOGEHIXUWKHUK\SRWKHVL]HGWKDW95$&FKDQQHOFRPSOH[HVDUHDOVR
ORFDWHG DW WKHVH RU VLPLODU MXQFWLRQDO GRPDLQV. We further hypothesize that within 
these locations VRACs (and CaCCs) are very poorly acFHVVLEOHWRµJOREDO¶F\WRVROLF
Ca2+ (e.g. Ca2+ dialyzed through the patch pipette). Cell swelling may induce i) 
mechanical rearrangements within the ER-PM junctions that expose the channels to 
cytosol and/or ii) increase in compartmentalized Ca2+ at the junctions. These evens 
would expose ANO1 and LRRC8 channels to Ca2+ and, ultimately, result in the ,&OVZHOO 
activation (5). 
,QGHHG, both LRRC8A- and ANO1-mediated ,&OVZHOO components required local Ca2+ 
for activation as the swelling-induced current wasVWURQJO\UHGXFHGE\%$37$EXWQRW
(*7$ LQ :7 +(. FHOOV 3UHWUHDWPHQW RI WKH FHOOV ZLWK WKDSVLJDUJLQ (5 VWRUH
GHSOHWLRQ DOVR VWURQJO\ VXSSUHVVHG ,&OVZHOO ,QWHUHVWLQJO\ ZKHQ HLWKHU /55&$ RU
$12 ZHUH RYHUH[SUHVVHG WKH\ EHFRPH PRUH VHQVLWLYH WR JOREDO &D WKH FXUUHQW
PHGLDWHGE\RYHUH[SUHVVHG/55&$EHFDPHPRUH VHQVLWLYH WR(*7$)LJ%DQG
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'ZKLOHRYHUH[SUHVVHGEXWQRWHQGRJHQRXV$12FRXOGEHDFWLYDWHGE\GLDO\VLV
RI &D WKURXJK WKH SDWFK SLSHWWH )LJ & 7KHVH GDWD LQGLUHFWO\ VXSSRUW WKH
K\SRWKHVLV WKDW HQGRJHQRXV &O- FKDQQHOV FRQWULEXWLQJ WR ,&OVZHOO DUH SURWHFWHG IURP
JOREDOF\WRVROLF&D DQGFRXOGRQO\EHDFWLYDWHGE\ ORFDOL]HG UHOHDVHRI&D IURP
WKH (5 HJ XSRQ FHOO VZHOOLQJ ZKLOH WKH RYHUH[SUHVVHG FKDQQHOV DUH PXFK PRUH
RSHQWRJOREDO&DVLJQDOV 
,WKDVWREHSRLQWHGRXWWKDWWKHFRQWULEXWLRQRILQWUDFHOOXODU&DVLJQDOLQJWR95$&
DFWLYDWLRQ KDV EHHQ GHEDWHG   0DQ\ VWXGLHV KDYH GHPRQVWUDWHG QRWLFHDEOH
VZHOOLQJ-LQGXFHGFXUUHQWHYHQLQWKHSUHVHQFHRIKLJKFRQFHQWUDWLRQVRI&DFKHODWRUV
ORDGHGLQWRWKHFHOOVRULQWKHDEVHQFHRIREVHUYDEOH>&D@LULVHVLQVRPHFHOOW\SHV
  7KHVH VWXGLHV KRZHYHU FRXOG QRW UXOH RXW WKH UHTXLUHPHQWV IRU KLJKO\
ORFDOL]HG&DVLJQDOVUHSRUWHGKHUH6RPHUHSRUWVKDYHVXJJHVWHGWKHUHTXLUHPHQWRI
PLQLPDOEDVDO>&D@L$NLWDDQGFROOHDJXHVVXJJHVWHGWKDWLQFXOWXUHGDVWURF\WHV
WKH VZHOOLQJ-LQGXFHG DFWLYDWLRQ RI 95$& UHTXLUHV ERWK &D-GHSHQGHQW DQG
&D-LQGHSHQGHQW HYHQWV ,Q OLQH ZLWK WKLV D UHFHQW VWXG\ VKRZHG WKDW VZHOOLQJ
LQGXFHGWDXULQHDQGJOXFRVHUHOHDVHPHGLDWHGE\95$&H[KLELWVERWK&D-GHSHQGHQW
DQG-LQGHSHQGHQWPHFKDQLVPVZKLFKZDVUHODWHGWRWKHGLIIHUHQW95$&KHWHURPHUV
H[SUHVVHG LQ KXPDQ UHWLQDO FHOO OLQHV 0,2-0  7KXV ZKLOH FRQIOLFWLQJ
HYLGHQFH H[LVW &D GRHV VHHP WR SOD\ DQ LPSRUWDQW UROH IRU DW OHDVW VRPH VWHps in 
VRAC activation. 
+RZFHOOVZHOOLQJLVFRXSOHGWR&DUHOHDVHIURPWKH(5LVQRWHQWLUHO\FOHDUEXWRXU
UHVXOWVVKRZWKDWLQ+(.FHOOVERWKWKHVZHOOLQJ-LQGXFHG&D WUDQVLHQWVDQGWKH
,&OVZHOO DFWLYDWLRQ UHTXLUH WKH 3/& WKLV REVHUYDWLRQ LV VXSSRUWHG E\ VHYHUDO HDUOLHU
UHSRUWV    :H VKRZ WKDW 3/& LQKLELWLRQ 8 RU GRZQ UHJXODWLRQ
VL51$ RU (5 &D VWRUH GHSOHWLRQ WKDSVLJDUJLQ DOO VLJQLILFDQWO\ UHGXFHG RU
DEROLVKHG ,&OVZHOO <HW WKH *'3-ES was unable to prevent swelling-induced ,&OVZHOO
DFWLYDWLRQDQGQRREYLRXV VZHOOLQJ-LQGXFHG3,3 GHSOHWLRQFRXOGEHREVHUYHG 'DWD
QRW VKRZQ 7KXV H[DFW PHFKDQLVPE\ZKLFK VZHOOLQJ DFWLYDWHV3/&DQG(5&D
UHOHDVHUHPDLQVWREHVROYHGSHUKDSVLWUHOLHVPRVWO\RQWKH*3&5-LQGHSHQGHQW3/&
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LVRIRUPVLQFOXGLQJ3/&J1DQG3/&G3 
,Q WKH VWXG\ RVFLOODWLRQ RI ,&OVZHOO DPSOLWXGH ZDV DOZD\V VHHQ ZKHQ WKH FHOOV VZHOO
:KHQWKHK\SHUWRQLFLQWUDFHOOXODUVROXWLRQZDVGLDO\]HGLQWR+(.FHOOVRUZKHQ
FHOOV ZHUH SODFHG LQWR WKH K\SRWRQLF H[WUDFHOOXODU VROXWLRQ WKH FHOOV EHJDQ WR VZHOO
DQGWKH,&OVZHOOVWDUWHGWRGHYHORS$IWHUUHDFKLQJDPD[LPXPZLWKLQVHYHUDOPLQXWHV
VORZ RVFLOODWLRQV EHJDQ WKH ILUVW SHDN FXUUHQW ZDV XVXDOO\ WKH ODUJHVW ,Q VRPH
UHFRUGLQJV WKHVH VORZRVFLOODWLRQVZHUHREVHUYHG IRURYHUDQKRXU ,QWHUHVWLQJO\ WKH
>&D@L DOVR GLVSOD\HG SURPLQHQW RVFLOODWLRQV EXW WKLV SURFHVV KDG D VLJQLILFDQWO\
KLJKHU IUHTXHQF\ WKH WLPHV EHWZHHQ ILUVW WZR SHDNV RI ,&OVZHOO DQG >&D@L ZHUH
FDOFXODWHGWREHDQGPLQUHVSHFWLYHO\,I&DLVUHTXLUHGIRU,&OVZHOODFWLYDWLRQ
ZK\ WKH FXUUHQW DQG >&D@L RVFLOODWLRQV ZRXOG QRW KDYH WKH VDPH NLQHWLFV" 2QH
SRWHQWLDO H[SODQDWLRQ FRXOG EH LQ WKDW WKH NLQHWLFV RI FKDQJHV RI ORFDO &D
FRQFHQWUDWLRQ LQ WKH LPPHGLDWH SUR[LPLW\ RI YROXPH-VHQVLWLYH &O- FKDQQHO DQG WKH
NLQHWLFVRIJOREDOF\WRVROLF>&D@LPHDVXUHGZLWKIOXR-PD\QRWEHWKHVDPH,QGHHG
DV ZH K\SRWKHVL]HG DERYH 95$&V PD\ UHVLGH LQ WKH DUHDV WKDW DUH WR D GHJUHH
UHVWULFWHGIURPWKHUHVWRIWKHF\WRVROKLQGHUHGGLIIXVLRQRI&DLQWRWKHVHORFDWLRQV
PD\ WKHUHIRUH VORZGRZQ &D G\QDPLFV ZKLFK LQ WXUQ UHVXOWV LQ VORZHU FXUUHQW
RVFLOODWLRQV :H DOVR PHDVXUHG WKH LQWUDFHOOXODU &D WUDQVLHQWV FRXSOHG ZLWK ,&OVZHOO
PHDVXUHPHQW LQ SDWFK FODPSHG FHOOV ,Q WKLV FDVH >&D@L RVFLOODWLRQV ZHUH DOVR
REVHUYHG DQG DJDLQ QR WLPH-PDWFKHG NLQHWLFV RI >&D@L DQG ,&OVZHOO ZHUH VWULFWO\
FRUUHODWHGGDWDQRWVKRZQ7KXVWKH&DNLQHWLFVFRPSDQ\LQJ,&OVZHOO LVDFRPSOH[
LVVXHZKLFKQHHGWREHVWXGLHGLQIXUWKHULQYHVWLJDWLRQV 
,W LVZRUWK\ WRQRWH WKDWQRRVFLOODWLRQRI,&OVZHOOZDVUHSRUWHGEHIRUH:HKDYHVRPH
SUHOLPLQDU\WKRXJKWVRQZK\ZHDUHGLIIHUHQWZLWKRWKHUVRQVHHLQJVXFKKLJKSURSRUWLRQ
RI ,&OVZHOO RVFLOODWLRQ  7KH RVFLOODWLRQ XVXDOO\ WDNHV D VORZ VWDUW ZLWK DQ HYHQ VORZHU
RVFLOODWLRQ F\FOH HJ )LJ  DQG )LJ  ,Q WKH OLWHUDWXUH 95$& ZDV XVXDOO\ UHFRUGHG
ZLWKLQPLQZKHUHDVZHUHFRUGHG95$&LQDPXFKORQJHUSHULRGRIWLPH
LQDQRWKHUZRUGWKHRVFLOODWLRQRI95$&ZDVVLPSO\EHLQJPLVVHGLQRWKHUV¶UHFRUGLQJV
 ,W VHHPV WKDW WKHRVFLOODWLRQRI95$&ZDVPRVWRIWHQ VHHQ LQ ,&OVZHOOLQGXFHGE\ WKH
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K\SHUWRQLFSLSHWWHVROXWLRQWKDQ,&OVZHOOLQGXFHGE\WKHK\SRWRQLFH[WHUQDOVROXWLRQZKLFK
LQ PRVW FDVHV ZDV XVHG LQ RWKHUV¶ H[SHULPHQWV LQ RXU FDVH  RI  +(. FHOOV
UHFRUGHG XVLQJ WKH K\SHUWRQLF SLSHWWH VROXWLRQ GHYHORSHG PXOWLSOH RVFLOODWLRQ ZKHUHDV
RQO\RI+(.FHOOVUHFRUGHGXVLQJWKHK\SRWRQLFH[WHUQDOVROXWLRQGHYHORSHG
RVFLOODWLRQZLWKPRUHWKDQF\FOHV ,W LVRIQRWH WKDW WKHIUHTXHQFLHVHQFRGHGLQ&D
RVFLOODWLRQVDUHUHSRUWHGWRUHJXODWHPDQ\FHOOXODUSURFHVVHVVXFKDVH[RF\WRVLV
DSRSWRVLVIHUWLOL]DWLRQDQGFHOOJURZWKQRZ95$&FDQDOVREHDGGHGWR
WKLV OLVW 7KH SKHQRPHQRQ RI ,&OVZHOO RVFLOODWLRQ DQG LWV UHODWLRQVKLSV ZLWK WKH
VZHOOLQJ-LQGXFHG RVFLOODWLRQV RI >&D@L LV IDVFLQDWLQJ DQG UHTXLUHV IXUWKHU
LQYHVWLJDWLRQ 
,QVXPKHUHZHVKRZWKDWERWK/55&$DQG$12FRQWULEXWHWR,&OVZHOOLQ+(.
FHOOV DQG WKDW ,&OVZHOO DFWLYDWLRQ UHTXLUHV ORFDOL]HG 3/&-PHGLDWHG &D UHOHDVH IURP
WKH(57KHH[DFWQDWXUHRI$12-/55&$LQWHUDFWLRQVGXULQJWKH,&OVZHOODFWLYDWLRQ
LVVWLOOXQNQRZQWKHIDFW WKDWDFWLYDWLRQRI ,&OVZHOO LQ WKHDEVHQFHRI$12$12--
FHOOVVWLOOUHTXLUHGORFDO&D)LJLQGLFDWHVWKDW$12LVXQOLNHO\WRMXVWVLPSO\
SOD\ D UROH RI D &D VHQVRU IRU /55&$ &OHDUO\ IXWXUH UHVHDUFK LV QHHGHG WR
GHFLSKHUH[DFWUHODWLRQVKLSVEHWZHHQFHOOVZHOOLQJ3/&LQWUDFHOOXODU&DWUDQVLHQWV
/55&$$1295$&DQG,&OVZHOODFWLYDWLRQ 
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,66 $FWLYDWLRQ ,QDFWLYDWLRQ 
P9 W1 (ms) W2 (ms) W1 (ms) W2 (ms) 
:7   1$ 1$   
 $12--  1$ 1$   
 /55&$--$12    1$ 1$ 
/55&$--/55&$  1$ 1$ W) 
,66WKHUDWLRRILQVWDQWDQHRXVDQGSVHXGRVWHDG\VWDWHFXUUHQWDPSOLWXGHVPHDVXUHG
DWP9$OOYDOXHVDUHPHDQV6(0Q -1$QRWDYDLODEOH 
33FRPSDUHGZLWKFXUUHQWUHFRUGHGLQ:7+(.FHOOV 
 
7DEOH,QKLELWLRQHIIHFWVRI1)$DQG'&3,%RQ,&OVZHOODQG&D&&FXUUHQWV
PHDVXUHGDW-P9DQGP9 
 
 
1)$ 
 ,&ȝ0 
'&3,%  
,&ȝ0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 -P9
 
P9 -P9 P9 
&D&&$12 1$    
,&OVZHOO     
,&OVZHOO$12     
$OOYDOXHVDUHPHDQV6(0Q -1$QRDFWLYLW\ 
,&OVZHOOZHUHLQGXFHGE\WKHK\SHUWRQLFLQWUDFHOOXODUVROXWLRQLQ+(.FHOOV,&OVZHOO
RU LQ +(. FHOOV RYHU-H[SUHVVLQJ $12 ,&OVZHOO$12 &D&& FXUUHQWV ZHUH
LQGXFHGE\LVRWRQLFLQWUDFHOOXODUVROXWLRQFRQWDLQLQJKLJK&DQ0LQ&+2FHOOV
VWDEO\H[SUHVVLQJ$12 
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)LJXUHOHJHQGV 
 
)LJ/RFDO&DSOD\VDQHVVHQWLDOUROHLQDFWLYDWLRQRI95$&V  
7KHFHOOVZHUH FRQWLQXRXVO\KHOG DW -P9DQG VWLPXODWHGZLWK VYROWDJH UDPSV
IURP - P9 WR  P9 DSSOLHG ZLWK V LQWHUYDO WR PHDVXUH FXUUHQW-YROWDJH
UHODWLRQVKLSV YROWDJH VWHSV IURP - P9 WR  P9 LQ  P9 LQFUHPHQWV ZHUH
DSSOLHGLQVWHDGRIWKHUDPSV7KHGRWWHGOLQHVLQGLFDWHWKH]HURFXUUHQWOHYHO$WRS
YROXPHUHJXODWHGFKORULGHFXUUHQW ,&OVZHOO UHFRUGHG LQ+(.FHOOHOLFLWHGE\
P2VPK\SHUWRQLFSLSHWWHVROXWLRQ%RWWRPWKHUHSUHVHQWDWLYHFXUUHQW WUDFHVLQGXFHG
E\ UDPS OHIW DQG VWHS ULJKW YROWDJH SURWRFROV UHVSHFWLYHO\ ,Q WKH WRS SDQHO WKH
WLPHVDWZKLFKUDPS-DQGVWHS-LQGXFHG,9UHODWLRQVKLSVZHUHREWDLQHGDUHLQGLFDWHG
E\QXPEHUVDQGDVWHULVNUHVSHFWLYHO\'&3,%PM) ZDVDSSOLHGDWWKHHQG
RI WKH UHFRUGLQJ GXULQJ WKH WLPH LQGLFDWHG E\ JUH\ VKDGLQJ % WRS DQG PLGGOH
UHSUHVHQWDWLYHFXUUHQWWUDFHVRI,&OVZHOOLQGXFHGE\WKHK\SHUWRQLFSLSHWWHVROXWLRQZLWK
P0(*7$RUP0%$37$DVLQGLFDWHG%RWWRPUHSUHVHQWDWLYHFXUUHQWWUDFHV
RI,&OVZHOO LQGXFHGE\WKHK\SHUWRQLFSLSHWWHVROXWLRQLQ+(.FHOOV WUHDWHGZLWK
ȝ0 WKDSVLJDUJLQ WKDSVLJDUJLQ ZDV DSSOLHG  PLQ EHIRUH DQG ZDV SHUIXVHG
FRQWLQXRXVO\GXULQJ WKHH[SHULPHQW& VXPPDU\GDWD IRUPD[LPDOFXUUHQWGHQVLWLHV
RI,&OVZHOOUHFRUGHGDW-P9IURPH[SHULPHQWVSUHVHQWHGLQSDQHOV$DQG%3
FRPSDUHGZLWKWKHFRQWURO+(.FHOOV'DQG(VXPPDU\GDWDIRUPD[LPDO
FXUUHQWGHQVLWLHVRI,&OVZHOOUHFRUGHGDW-P9IURP$12VWDEO\-WUDQVIHFWHG&+2
FHOOVDQG'5*QHXURQV3FRPSDUHGZLWKWKHFRQWUROFHOOV 
  
)LJ1RHIIHFWVRIH[WUDFHOOXODU&DRQ,&OVZHOORULQWUDFHOOXODU&DWUDQVLHQWV 
7KH+(.FHOOVZHUHFRQWLQXRXVO\KHOGDW-P9DQGVWLPXODWHGZLWKVYROWDJH
UDPSV IURP - P9 WR  P9 DSSOLHG ZLWK V LQWHUYDO WR PHDVXUH
FXUUHQW-YROWDJH UHODWLRQVKLSV YROWDJH VWHSV IURP - P9 WR  P9 LQ  P9
LQFUHPHQWV ZHUH DSSOLHG LQVWHDG RI WKH UDPSV 7KH GRWWHG OLQHV LQGLFDWH WKH ]HUR
FXUUHQW OHYHO $ UHSUHVHQWDWLYH FXUUHQW WUDFHV RI ,&OVZHOO LQGXFHG E\  P2VP
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K\SRWRQLFEDWKVROXWLRQLQWKHDEVHQFHRUSUHVHQFHRI(*7$%UHSUHVHQWDWLYHFXUUHQW
WUDFHVRI,&OVZHOOLQGXFHGE\WKHK\SRWRQLFEDWKVROXWLRQZLWKP0(*7$RUP0
%$37$ LQ WKH  P2VP LVRWRQLF SLSHWWH VROXWLRQ DV LQGLFDWHG & DQG '
LQWUDFHOOXODU&DWUDQVLHQWVUHFRUGHGZLWK)OXR--$0PM). Time courses of )OXR-
IOXRUHVFHQFH LQWHQVLW\ IURP WKUHH +(. FHOOV LQGLFDWHG E\ WKH DUURZKHDGV LQ WKH
LQVHWV RQ WKH OHIW LQVHWV GHSLFW FHOOV EHIRUH D DQG GXULQJ E DSSOLFDWLRQ RI WKH
K\SRWRQLFEDWKVROXWLRQP2VPLQWKHDEVHQFH&RUSUHVHQFH'RI(*7$(
DQG) VXPPDU\GDWD IRUPD[LPDO FXUUHQWGHQVLWLHVRI ,&OVZHOO UHFRUGHGDW -P9
IURPH[SHULPHQWVSUHVHQWHG LQSDQHOV $DQG% 3 FRPSDUHGZLWK WKH
FRQWURO +(. FHOOV * VXPPDU\ IRU WKH PD[LPDO FKDQJH LQ )OXR- IOXRUHVFHQFH
LQWHQVLW\QRUPDOL]HGWRWKHLQLWLDOIOXRUHVFHQFHLQWHQVLW\)GXULQJWKHILUVWWUDQVLHQW
LQGXFHG E\ K\SRWRQLF EDWK VROXWLRQ LQ WKH DEVHQFH RU SUHVHQFH RI (*7$ IURP WKH
H[SHULPHQWVDVWKHVHVKRZQLQWKHSDQHOV&DQG'UHVSHFWLYHO\,Q(-*QXPEHURI
UHFRUGLQJVLQPRUHWKDQVHWVRIH[SHULPHQWVLVLQGLFDWHGZLWKLQHDFKEDU 
 
)LJ/RFDO&DLVHVVHQWLDOIRUDFWLYDWLRQRI/55&$FXUUHQWV  
$ RYHUH[SUHVVLRQ RI /55&$ LQ +(. FHOOV ODFNLQJ HQGRJHQRXV /55&$
/55&$-- UHVFXHG ,&OVZHOO HOLFLWHG E\  P2VP K\SHUWRQLF SLSHWWH VROXWLRQ %
%$37$ DQG WKDSVLJDUJLQ 7KDS ZHUH PRUH HIILFLHQW WKDQ (*7$ LQ SUHYHQWLQJ
DFWLYDWLRQRI/55&$FXUUHQWV,Q$DQG%WKHUHFRUGLQJFRQGLWLRQVDUHVLPLODUWR
WKHH[SHULPHQWVVKRZQLQ)LJXUH:KHUHLQGLFDWHGE\JUH\VKDGLQJPM DCPIB 
ZDVDSSOLHGDWWKHHQGRIWKHUHFRUGLQJ&VXPPDU\GDWDIRUH[SHULPHQWVH[HPSOLILHG
LQ $PD[LPDO FXUUHQWGHQVLWLHVZHUHPHDVXUHGDW -P93 FRPSDUHG
ZLWK FXUUHQW UHFRUGHG LQ :7 +(. FHOOV ' VXPPDU\ GDWD IRU H[SHULPHQWV
H[HPSOLILHGLQ%PD[LPDOFXUUHQWGHQVLWLHVZHUHPHDVXUHGDW-P93
FRPSDUHGZLWKWKHFRQWURO/55&$--FHOOVWUDQVIHFWHGZLWK/55&$,Q&DQG'
QXPEHURIUHFRUGLQJVLQPRUHWKDQVHWVRIH[SHULPHQWVLVLQGLFDWHGZLWKLQHDFKEDU 
 
)LJ  2YHUH[SUHVVHG $12 EXW QRW /55&$ LV DFWLYDWHG E\ F\WRVROLF &D
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GLDO\VLV  
$-&:7+(.FHOOV$/55&$--+(.FHOOVWUDQVIHFWHGZLWK/55&$%
DQG+(.FHOOVWUDQVIHFWHGZLWK$12&ZHUHSHUIXVHGZLWKDSLSHWWHVROXWLRQ
FRQWDLQHGQ0IUHH&DDQGWKHZKROH-FHOOFXUUHQWVZHUHUHFRUGHGXVLQJWKHUDPS
YROWDJH SURWRFRO VKRZQ DW WKH WRS ULJKW LQVHW LQ $ 7KH RVPRODOLW\ RI WKH SLSHWWH
VROXWLRQ ZDV DQ LVRWRQLF  P2VP ' VXPPDUL]HG PD[LPDO FXUUHQW GHQVLWLHV
PHDVXUHGDW-P9DQGP9IURPWKHH[SHULPHQWVH[HPSOLILHGLQSDQHOV$-&
3 3FRPSDUHGZLWK:7+(.QXPEHURI UHFRUGLQJV LQPRUH
WKDQVHWVRIH[SHULPHQWVLVLQGLFDWHGXQGHUWKHEDUV 
 
)LJ$12LVDFWLYDWHGE\FHOOVZHOOLQJDQGFRQWULEXWHVWR95$&  
$-& OHIW ,&OVZHOO UHFRUGHG LQ +(. ODFNLQJ $12 +(. $12-- +(.
WUDQVIHFWHG ZLWK $12 +(.-$12 DQG +(. /55&$-- WUDQVIHFWHG ZLWK
$12,&OVZHOOZDVHOLFLWHGZLWKP2VPK\SHUWRQLFSLSHWWHVROXWLRQDQGUHFRUGHG
DV LQ)LJXUH5LJKW WKHUHSUHVHQWDWLYHFXUUHQWWUDFHVLQGXFHGE\VWHSSURWRFROWRS
LQVHW DW WKH WLPHV LQGLFDWHG E\ DVWHULVNV ' VXPPDU\ GDWD IRU H[SHULPHQWV
H[HPSOLILHGLQ$PD[LPDOFXUUHQWGHQVLWLHVZHUHPHDVXUHGDW-P93
3FRPSDUHGZLWKWKHFXUUHQWUHFRUGHGLQ+(.FHOOV(VXPPDU\GDWD
IRUH[SHULPHQWVH[HPSOLILHGLQ &PD[LPDOFXUUHQWGHQVLWLHVZHUHPHDVXUHGDW-
P9 DQG  P9 3   3  FRPSDUHG ZLWK WKH FXUUHQW UHFRUGHG LQ
/55&$--FHOOVDW-P9DQGP9UHVSHFWLYHO\)DQG*UHSUHVHQWDWLYHFXUUHQW
WUDFHVUHFRUGHGIURP+(.FHOOV)DQG/55&$--+(.FHOOVWUDQVIHFWHGZLWK
$12 * &XUUHQWV ZHUH HOLFLWHG E\ WKH GLDO\VLV RI LVRWRQLF  P2VP SLSHWWH
VROXWLRQFRQWDLQLQJȝ0*73-ȖV'&3,%PMZDVDSSOLHGDW WKHHQGRI WKH
UHFRUGLQJ GXULQJ WKH WLPH LQGLFDWHG E\ JUH\ VKDGLQJ + 6XPPDU\ GDWD IRU FXUUHQW
GHQVLWLHV RI ,&OVZHOO IURP H[SHULPHQWV SUHVHQWHG LQ SDQHO ) DQG * 3  
FRPSDUHGZLWK+(.FHOOVDW-P93FRPSDUHGZLWK+(.FHOOVDW
P9 
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)LJ*HQHWLFGHOHWLRQRIHLWKHU$12RU/55&$GLGQRWDIIHFWWKH,&OVZHOODQG
LQWUDFHOOXODU&DWUDQVLWVLQGXFHGE\DK\SRWRQLFH[WUDFHOOXODUVROXWLRQ 
$ DQG % %$37$ EXW QRW (*7$ SUHYHQWHG DFWLYDWLRQ RI ,&OVZHOO LQ +(. FHOOV
ODFNLQJ $12 ,Q VRPH H[SHULPHQWV PM DCPIB was applied at the end of the 
UHFRUGLQJ GXULQJ WKH WLPH LQGLFDWHG E\ JUH\ VKDGLQJ & DQG ' JHQHWLF GHOHWLRQ RI
HLWKHU $12RU /55&$GLG QRW DIIHFW WKH LQWUDFHOOXODU&D WUDQVLWV LQGXFHG E\ D
K\SRWRQLFH[WUDFHOOXODUVROXWLRQ(VXPPDU\GDWDIRUFXUUHQWGHQVLWLHVRI,&OVZHOOIURP
H[SHULPHQWV SUHVHQWHG LQ SDQHO $ DQG % 3   FRPSDUHG ZLWK $12
ODFNLQJ+(.FHOOVDW-P9)VXPPDU\IRUWKHPD[LPDOFKDQJHLQQRUPDOL]HG
)OXR- IOXRUHVFHQFH LQWHQVLW\ GXULQJ WKH ILUVW WUDQVLHQW LQGXFHG E\ K\SRWRQLF EDWK
VROXWLRQLQH[SHULPHQWVDVWKRVHVKRZQLQ&DQG'  
 
)LJ(IIHFWVRI&O-FKDQQHOLQKLELWRUVRQ,&OVZHOODQG&D&&FXUUHQWV  
$ UHSUHVHQWDWLYH FXUUHQW WUDFHV LQGXFHG E\ YROWDJH UDPSV IURP - WR  P9
IURP D KROGLQJ SRWHQWLDO RI - P9 GXULQJ WKH DSSOLFDWLRQ RI GLIIHUHQW
FRQFHQWUDWLRQVDVLQGLFDWHGRI1)$DQG'&3,%,&OVZHOOZDVLQGXFHGZLWKP2VP
K\SHUWRQLF LQWUDFHOOXODU VROXWLRQ LQ :7 +(. FHOOV ,&OVZHOO $12 ZDV LQGXFHG
ZLWKP2VPK\SHUWRQLFLQWUDFHOOXODUVROXWLRQLQ+(.FHOOVVWDEO\WUDQVIHFWHG
ZLWK $12 +(.-$12 DQG &D&&$12 ZDV LQGXFHG ZLWK KLJK IUHH &D
Q0LVRWRQLFLQWUDFHOOXODUVROXWLRQLQ+(.-$12FHOOV%1)$DQG'&3,%
VHOHFWLYHO\LQKLELWHGGLIIHUHQWFRPSRQHQWVRI,&OVZHOOLQ+(.-$12FHOOV&XUUHQWV
ZHUHUHFRUGHGXVLQJVWHSYROWDJHSURWRFRO)LJXUH$1)$DQG'&3,%VHQVLWLYH
FXUUHQW IUDFWLRQVZHUHREWDLQHGE\VXEWUDFWLQJ UHVLGXDOFXUUHQWV LQ WKHSUHVHQFHRID
GUXJ IURP WKH WRWDO ,&OVZHOO EHIRUH GUXJ DSSOLFDWLRQ & DQG ' 1)$ DQG '&3,%
FRQFHQWUDWLRQ-UHVSRQVHUHODWLRQVKLSVIRUWKUHHGLIIHUHQWFXUUHQWVUHFRUGHGDWP9
7KHGDWDZHUHILWWHGZLWKDORJLVWLFIXQFWLRQWKH,&YDOXHVDUHVKRZQ  
 
)LJ3/&LVRIRUPVDUHUHTXLUHGIRUWKH,&OVZHOODFWLYDWLRQ  
$ ,&OVZHOO HOLFLWHG E\ WKH K\SHUWRQLF SLSHWWH VROXWLRQ FRQWDLQLQJ  P0 (*7$ ZDV
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EORFNHG E\ WKH 3/& EORFNHU 8  ȝ0 XSSHU WUDFH EXW QRW E\ WKH LQDFWLYH
DQDORJXH8ȝ0ORZHUWUDFH+(.FHOOVZHUHSUH-WUHDWHGZLWKHLWKHURI
WKHGUXJIRUPLQ WKHGUXJVZHUHDOVRSUHVHQW LQH[WUDFHOOXODUVROXWLRQGXULQJWKH
UHFRUGLQJ&D&&LQK-$PM) was applied at tKHHQGRIWKHUHFRUGLQJGXULQJWKH
WLPHLQGLFDWHGE\JUH\VKDGLQJ%VXPPDU\GDWDIRUH[SHULPHQWVH[HPSOLILHGLQWKH
SDQHO $ 3   FRPSDUHG ZLWK WKH FRQWURO +(. FHOOV & HIILFLHQF\ RI
3/&-VL51$V NQRFNGRZQ DV LQGLFDWHG RQ +(. FHOOV 7KH VFUDPEOHG VL51$
FRQWURO DQG VL51$ DJDLQVW 3/& LVRIRUPV ZHUH WUDQVIHFWHG LQWR +(. FHOOV  K
EHIRUH WHVWHGXVLQJ5HDO WLPH3&5DSSURDFK' VXPPDU\GDWD IRUHIIHFWRI VL51$
DJDLQVWGLIIHUHQW3/&LVRIRUPVRQ,&OVZHOOUHFRUGHGDWWKHKROGLQJSRWHQWLDOVRI-P9
3FRPSDUHGZLWKVFUDPEOHGVL51$ 
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